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ldcllt  ificd as a critical ICCt~IIOlO[y  for mat~y of NASA’s ? I” CCIItUI~ SCICIICC missio]~s, spaccbo[I~c optical
intcg  rcmllwt I)r pcI lnits  the vcr y high resolution aIId c.qui~alcat  lip,llt  c.ollcctillp,  area of a sin~,lc  tclcsc.opt, but
at a lm~w 00s1. ‘J’o accmuplish  Illis, scpataliol)  of at) intcrrcxonwtcr’s  small collcctit]:,  apcl [lll-CS  by Ia][;c
Ixrsclincs  alc Icquircd, of the OKICI of tcntl]s  to thousalIds  of kilomctus. ‘1’IIus  the lai~:c scpalatiom Icqui[c
]nuliiplc  spaccmaft  follilation  flyiI~[\, A scpalatcd  slmcccrafl  optical iniu kmnctct  ccmccpt, r-cfcrlcd to as tlIC

NW Millcnniuin  lntcrfcmnc.tm (Illackwd,  C( (/1,, 1995; (kdavita, C[ fI/,, 1996; I au, c1 (/1., 1996) is a
sill]l)lificd  iatcrklomctcr  that ckumnstfatcs  cnabli(lp,  tccl}lmlog,ics  wl]ilc still rclaiiling, scicocc capabilities It
Ilas km idcntifrccl  as a s(IonE candiciatc  for tllc  thiId  ckz]) spac,c mission (I)S 3) of the Ncw h4illcnniunl
l’~opyam, a deep space tcchnolop,y  dc]ncmtlatioli  plo~,l-aal  in which alt ificial  iiiklligcncc  (Al) will play a
I)]olnincnt role.[ ()[hcr proposed scparatcxt  s])acccrafi  ]nissiom  alc the ‘l’cl  [(MI ial l’~anct i:indcr  and I’rmcstrial
Plalwt Mapper missicms, as well as future cxo]danct  ii]m{:il~g  at]ci hi~;l[  resolution astrophysics fo]mation
Inissions.

‘1’hc. 1X-3 instrumnt  would bc dis[ritmtcd  OVCI  thrw small spacccIaft  in an cquilatcI-al  trian~ular  fomalion:
t\w spat.ccI”aft lvould  SCI”W as Co]lcctors,  dilccting,  slarli~,ht  tmvalds a thii”d  spacmraft, which in Iur-rl ~$’ould
conhinc the li@t and pcI-fbIII~  the intcrfcromct  r ic. dc[cct  ioli I)LIC to the Iolln(i-tlip  col]ll]lll]~icatic)]ls  delay ald
C.IOSC  pI oxiinity opclat  io])s of lhc tlIIcc spaccc  Iafl, ~,1 oll]~d-i[l-tl~c-lo[)})”  c.ont rolling will compromise the
cflictivc]}css  of tk fonmrtio[l;  onboard Al C.a[xtbilitics  Iii]]  bc tcqui)ul  for 1) S-3 autonomous precision
f(mnatiolj  flyil]p,,  lkcl~ 1) S-3 spaccc.]afl  is cnvisiol~cd  to lIa\c idct]tical  captibilitics and software fbr fo]mation
COI1[I ok, with mc dcsip,mrtcd as the “mast u”, ‘1’IIc  spacccI  an so dcsip,llatt:d  is rcspmsiblc fol initializing, and
Ina Il]tainln::  the fml]mt ion [;co]nc.tly, includillj:  CICIL’I Inimtim of fuel-optimal formation mamitws  and
Ictal@in{;,  ~vhctlw  the fmnat ion mancuims occur about  the cquivalu]t formation ccntci  -c) f-mass  or about
Il}c allcx  of the l]ianp,ula]  fol-lnatio]l, Ilcc.auw !II(Y IKI!JL:  idcvtlical  sd(li~rc,  the I-ok of lIIC master CaIJ bc
assunwd by oac of tl~c otllcl spaccct-afl  u]mn l) ICXIC ICI lni]~cd  f:]ult  colldi[io]ls,

III n mu]t iplc spaccc]ail configuration such as [ )S-3, mere C.(xq>clatioll  is insufflc.icnt  to ensure a stable
cmfr[’,umt ion, adequate scicncc  rchlrn,  and I obust ncss WIIW fiIcc4i  \vitl~ unw~t  icipatcd  events, citlm from tvitl  lin
tllc team OI from lhc cxlcnlal  Cnvironmc]]t,  (bcq)c[atior[  cittails  pa fallc],  as cjjqmscd  to joint activities.
OpcI at iap, i]~ parallel, mltipk  systems Ivill IK)I aswmc cxc.lusivc  usc of shared Icsourc.cs, nor will they
AwmI’iHg/y  pcrfo~ln  an action that Jvould intro rclc }titll  tl)c suc.ccssflll  acl)icvcmcnt  of another agent’s goals.
‘1’1)/s  pal-adi~m  is not robust; WIICII fac.cd Jvitll tlm uncxpcclcd,  p,oals  cat~ bc easily abandoncci,  as there is no
“slmrcxt nmtal  state” to acllicvc  a ioint  [wI \VlmI  af)~mts collaboralc, tl]c)’ each haw the same.joill[ goal, aic
colmnittui  to its ac.l~icvcmcx]t, and by infclum,  to cacl~ o[]~~r.  ‘1’IIcy  \vill  activcl~  avoid intcl  fctili~ ~~’itlt almtl~c~
ap,cnt’s  p,oals.  [Incx])cctcd  cvmts, cithct  frotn the cnvit(ot~]ncnt,  or from anotlm agmt’s  behavior will not
autmwrtically  dwm the.ioillt g,oal; \\ritllil]  tl}c a~~,cilts  is a pcI sistct~cc  to\\a[ds goal acl~icvclmxlt,  and this wtails
I}clpil)p,  tl)c o!hcr a~cl~t, OI assl]min[:  his dl]tics,  t,l~ctc }msihlc.

Scwal tlvxwics  of multi-ap,cnt  collaboration (hlA() mist  (Icvic)vcd  i[~ Witskcr,  1996), I)otvcvcr  it is prqmcd
tl~at aI~ aup,tucmtcd  Joint  ]tltcl~tions  tl~coI }’ ((:oIIcI)  and 1,wcsquc, 1991 ) ~vould  bc nlost app]icablc  to tl~is
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‘“1 IIC I’iis[ Nc\\ Millctlt)i~ll]i lli~,l]l,  1)S-1, \vill IIavc fill (, IIlxMId  “l{cIII(Itc  Ap,cIIi”  collsis(il]p, 01 a RA1’S-lmscd  c~ccutivc,  all 1 IS l’S-
I,a’+(xl  i)l:il)llcr/scl)c(ltilcl, and a I ,ilillg,slol)c-l]zlsc(l tl]odc idclllilicatiol] :,11(I rt.covtlj  c[lp,illc
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dolnaitl, a s  il clnkdic.s I r o n y  of tlIc dCl[iClltS tl)at :11(” consictcmd  ful)ctal]mltal  (0 [cam  follnatiol) ald

mail][ctwwfi  II) tilis  moc[al Iogic-lmscxl tlpmr}~,  ifa tcatn  ofap,clt(s  has a Joint Pcrsistcm[  (ioa] (J])(i) towal(ts
SOIJK ~~,oal,  all a[ywts atc ioinlly  cmli]]ittcd  towards the swzwf(Il plosccut ion of lhc ac.timl(s)  that will achicvc. .
tllc  p,oal. “1’IIc> cammt  just  “cllan~c  their milds’> and abaldoit  lIIG {~oal ‘1’hcy \vill pcrsisl  ovcI time Imvalds

acl~icvinp, the L>,oal. If an af~,cnt  a d o p t s  tlIc /i/”i\~ii/C Iwlicf ttla[  tl)c f,oal lIas  citlm  bccll  achicvcd 01 is
ulmchicvabk,  k ins a /lc/rc/-li’i/c~/p,oal  to have his i~livatc  t)(’licftll~ltl]all~  bclicwd  by tllc ohm tcaln mcnlbcxs.
OIJly tlml lvill  (Iw J1’G bc abancicmccf. (;o]i]ll~~ll]icatiojl,  tlwli,  is IIKKIC an c.xl)lic.it  rcquirclncnt  of this theory,
in m]trast  with other MAC tlvmrics, II) addition, p,oat pcI slstclw  over time [wilds mlmstmss  into tl~c tc.am’s
act ions,  cspcciaily when fac.cci  with the dynamic  aIKl util)l  ~KlicKrt)k cn~’ilollumlt  of space.

WC ]cplcscnt  Illultip]c  spacmrafi as autonomous af,ctds ;II tllc  .ioint  IWut[iom  (iamcwcmk  for 11S-3.  “1’0 do so
lvc must au~,mcnt  the cxistiap,  thcmy. II) paI-liculal-,  il is c.ur[cntly  a tw-aficttt  thcmy, and wcmld haw to
acmmmoclatc  more than two aywts.  Also, in this Ic.al time cnviromcnt, limiting goal pcIsislcncc  10 a

“maxilmlm’)  Icngth  of’ time wouki  also bc Ic.qui[cd I{y Inodclius  spaccctafi  as autownous  af;c]~ts  in tl]is
thmy,  w bclicvc  that lhc robustness of a llllllti-SI’l:l  C(:Clilfl  cwnfi~yltatioli  is ctdiatwd  bccausc, in acklit  ion 10
ln~ltual  cOoI)cI at ion, tllctc exists Ioillt  colnll]itmcnt  to a slm Icd p,oal, aIId sul)pol-t  for ol)c another shoulcl
:ilmnalws  bcl~avior  develop. (Iltimatcly,  tl~is  Icads to itici cased coIIfictcIIcc  ill achicvinp,  Iuission  objcc[iws.
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